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Description 
STATIC POSE FIXTURE 

Cross Reference to Related Applications 

[0001] The present application is a divisional application of U.S. 

Patent Application Number 10/064,739, filed on August 

12, 2002. 
Federal Research Statement 

[0002] [Not Applicable] 
Background of Invention 

[0003] Field of the Invention 

[0004] The present invention relates to a static pose fixture that 
is utilized in motion capture systems. More specifically, 
the present invention relates to a static pose fixture uti- 
lized to measure geometry and body plate marker loca- 
tions of a subject for preparation of a motion capture 
model during a golf swing. 

[0005] Description of the Related Art 

[0006] Motion Capture is used to measure the position and or 



orientation of any object, usually at multiple points in 
time. There are four main categories of motion capture 
devices, mechanical, magnetic, passive optical, and active 
optical. An example of a mechanical device is the Cyber- 
glove®. A mechanical device measures the orientation of 
rigid links mounted to a subject. A magnetic device such 
as the Ascension MotionStar®or Polhemus StarTrak® mea- 
sures the position and orientation of wire coils attached to 
the subject. Since golf clubs are typically constructed of 
metal or metal parts, magnetic systems, which may loose 
accuracy when metal objects are near by, may experience 
some distortion during a golf swing motion measurement. 
Passive optical systems use multiple cameras to triangu- 
late the position of reflective markers placed on the sub- 
ject. Exemplary examples of a passive optical system are 
those made by Vicon and Motion Analysis. Active optical 
systems use triangulation to track the position of infrared 
light emitting diodes. Exemplary examples of active opti- 
cal systems include systems such as Northern Digital's 
Optotrak and Charnwood Dynamics CODA. Active optical 
systems have the ability to distinguish markers from one 
another, which greatly decreases the time it takes to pro- 
cess data and which makes them a preferred device for 



use with the static pose fixture as described herein, how- 
ever, any of the devices as previously discussed may be 
used. 

[0007] An active optical motion device is able to determine the 
position and orientation of a rigid object as long as 3 non 
co-linear markers on that object are in view of the sen- 
sors. An occluded marker is a marker that is not in view of 
any of the sensors. One marker on a rigid body plate is 
selected to be the origin of a coordinate system. The 3D 
position of each marker on the plate is measured, and the 
position and orientation of the plate is then reported with 
respect to the global origin. To generate the best possible 
motion capture data, it is important to have more than 3 
non co-linear markers on each rigid body to increase the 
chances that at least three markers on the body are not 
occluded, since the object itself can come between a 
marker and a sensor. 

[0008] jo drive a computer generated human model with motion 
capture, data markers of any type (retro-reflective, active 
IRED, magnetic, etc.), are mounted on the subject in areas 
where the motion must be acquired. The subject is then 
asked to stand straight with arms in a horizontal position, 
thus forming a cross with the body. A frame of data is ac- 



quired in the form of a point cloud. Within the software, 
the operator then moves the human model into the point 
cloud so that each marker is near the same location within 
the model as on the subject. If the subject has not as- 
sumed the exact same posture as the default posture of 
the model, the operator rotates the limbs to mimic the 
subject's posture. If the subject is a different size com- 
pared to the model, the operator lengthens or shortens 
each limb so that it looks correct. Once the model is sized 
and oriented properly within the point cloud, the configu- 
ration is saved and any further motion data acquired from 
the subject can be used to drive the motion of the model. 
Some human modeling software allows the user to mea- 
sure body segments and input values, which can increase 
accuracy but is relatively time consuming. 
[0009] Several methods of capturing motion data have been pro- 
posed including Nesbit et al., U.S. Patent Number 
5,772,522, which discloses the analysis and measurement 
of a representative model during an active motion such as 
a golf swing. 

[0010] Further examples include Kramer, U.S. Patent Numbers 

5,592,401 and 6,148,280, which disclose the use of sen- 
sor devices placed on a subject during an active motion, 



like a golf swing, thereby enabling the capture and analy- 
sis of the motion. 

[° 011 ] Still more examples include Haas et al., U.S. Patent Num- 
ber 4,137,566, which discloses the use of a plurality of 
reflective sources and a data collector to record active 
motions, like golf swings, for analysis. Mann, U.S. Patent 
Number 4,891,748, discloses using video images in 
preparation of computer generated models. 

[0012] However, the process of sizing and orienting the model in 
the point cloud is time consuming and inaccurate. Be- 
cause the orientation of each limb in space is estimated 
by the operator, it is subject to variation and inaccuracy. If 
it is assumed that the subject is standing with arms per- 
fectly horizontal when the arms are actually skewed 
slightly or bent, the location of markers on the wrists of 
the subject will be modeled with a high degree of inaccu- 
racy. As motion capture data is used to drive the model, 
this inaccuracy will cause the wrist to be driven to a loca- 
tion that is offset from the measured location. When mod- 
eling a golf swing, even slight inaccuracy in the wrists can 
lead to large inaccuracy in the location of the club head, 
rendering the model far less useful. Additionally, if any of 
the markers move with respect to the subject once the 



model generation is complete, the process must be re- 
peated from the beginning or further inaccuracy will re- 
sult. 

Summary of Invention 

[0013] The present invention provides a fixture for holding a mo- 
tion capture subject in a static position in order to auto- 
mate the measurements of geometry and marker loca- 
tions. In using motion capture for swing modeling, it is 
critical to accurately depict the subject that is the object 
of the motion capture. By using the static pose fixture, the 
subject is constrained to a static position enabling the pre 
set body plates to be measured for accurate joint segment 
length, body angle depiction and body orientation mea- 
surements to be used to accurately depict on the model of 
the motion capture subject. 

[0014] Furthermore, the present invention enables a technician to 
make accurate repeatable measurements and eliminates a 
vast number of steps previously required to perform the 
measurements and removes variables that typically lead to 
inaccuracy in designing computer generated models used 
in motion capture. By identifying and measuring body 
plate locations of the subject while in the static pose fix- 
ture, the static pose fixture also provides a means to au- 



tomatically position and orient motion agents corre- 
sponding to the body plate locations on the model for 
achieving accurate repeatable subject data. 

[0015] Moreover, if a body plate moves during the modeling pro- 
cess as often happens, the static pose fixture provides a 
means to rapidly and automatically re-position the sub- 
ject's body plate location for measuring segment length, 
body angle or body orientation, whereas without the static 
pose fixture, the entire marker orienting process needs to 
be repeated from the beginning. 

[0016] Having briefly described the present invention, the above 

and further objects, features and advantages thereof will 

be recognized by those skilled in the pertinent art from 

the following detailed description of the invention when 

taken in conjunction with the accompanying drawings. 
Brief Description of Drawings 

[0017] FIG. 1 is a perspective view of the static pose fixture of the 

present invention. 
[0018] FIG. 2 is a back plan view of the static pose fixture of the 

present invention. 
[0019] FIG. 3 is a side plan view of the static pose fixture of the 

present invention. 
[0020] FIG. 4 is a front view of a subject with attached body 



plates in the static pose fixture. 

[0021] FIG. 5 is a side view of a subject with body plates attached 
in the static pose fixture. 

[0022] FIG. 6 is a perspective view of an alternative embodiment 
of the static pose fixture as described herein. 

[0023] FIG. 7 is an illustrative example of an exemplary grip as 
used on the static pose fixture. 

[0024] FIG. 8 is an illustrative example of a body plate with 

marker for measuring the position and orientation of the 
subject's limbs while in the static pose fixture. 

[0025] FIG. 9 is an illustrative example of a slider with marker for 
taking joint center measurements. 

[0026] FIG. 10 is an illustrative example of a joint center mea- 
surement taken using a digitizing probe. 

[0027] FIG. 11 is a graph of the computer modeling process us- 
ing the static pose fixture as described. 

[0028] FIG. 12 is a front view of a computer generated model in 
the static pose posture with motion agents applied. 

[0029] FIG. 13 is a side view of a computer generated model in 
the static pose posture with motion agents applied. 

[0030] FIG. 14 is a view of a computer generated model in ball 

address position as modeled using the static pose fixture. 

[0031] FIG. 15 is an example of a computer generated model 



stepping through swing data generated by the computer 

program using the measurements established while in the 

static pose fixture and club selection data. 
Detailed Description 

[0032] As illustrated in FIG. 1, a static pose fixture for measuring 
the size of a motion capture subject 52 is generally desig- 
nated 10. The static pose fixture 10 of the present inven- 
tion includes a base 12, first and second foot alignment 
struts 16 and 18, first and second vertical struts 20 and 
22, first and second grips 26 and 28 and first and second 
slider struts 30 and 32. 

[0033] The base 12 is preferably substantially flat. The base 12 
preferably has a plurality of wheels 14, to provide the fix- 
ture 10 with mobility. 

[0034] As illustrated in FIGS. 1-3, first and second foot alignment 
struts 16 and 18 for placement of a right and left foot of a 
subject 52 are located on the upper exterior portion of the 
base 12. The first and second foot alignment struts 16 
and 18 are preferably placed at least 4 inches from the 
rear portion of the base 12. The distance d between the 
first foot alignment strut 16 and the second foot align- 
ment strut 18 is preferably between 10 inches and 18 
inches, more preferably from 10 inches to 14 inches and 



most preferably 12 inches to allow the feet of the subject 
52 to be properly positioned while in the static pose fix- 
ture 10. The width of the first and second foot alignment 
struts 16 and 18 is preferably 1 inch to 3 inches, more 
preferably 1.5 inches to 2.5 inches and most preferably 2 
inches. The first and second foot alignment struts are 
preferably at least 1 inch in thickness and are attached to 
the base 12 of the static pose fixture 10 using screws, nut 
and bolt, or any other well-known means thus enabling 
adjustment of the first and second foot alignment struts 
16 and 18. 

[0035] Each of a first vertical strut 20 and a second vertical strut 
22 are attached to the upper exterior portion of the base 
12 at one end of the strut length. The first and second 
vertical struts 20 and 22 are preferably parallel to each 
other and placed at least 4 inches from the rear portion of 
the base. The first and second vertical struts 20 and 22 
are attached to the base using a nut and bolt, screw or 
any other well known fastening means. The vertical struts 
20 and 22 are preferably at least 66 inches in length and 
extend substantially perpendicularly up from the base 12 
along the length of the strut. The first vertical strut 20 is 
located on the outer exterior portion of the first foot 



alignment strut 16 and the second vertical strut 22 is lo- 
cated on the outer exterior portion of the second foot 
alignment strut 18. The distance d' between the first and 
second vertical struts 20 and 22 is at least 12 inches to 
support the subject 52 in an upright and comfortable po- 
sition. Additionally, the first and second vertical struts 20 
and 22 are preferably between 2 inches and 8 inches in 
width, more preferably 3 inches to 6 inches and most 
preferably 4 inches in width to provide structural stability. 
The first and second vertical struts 20 and 22 are also 
preferably 1 inch to 4 inches in thickness, more preferably 
1 inch to 3 inches and most preferably 2 inches. 
[0036] a lower back strut, 24 is preferably located at least 30 

inches above the upper exterior surface of the base 12 in 
a horizontal plane between the first and second vertical 
struts, 20 and 22 to further stabilize the subject 52 while 
in the static pose fixture 10. The lower back strut 24 
should preferably extend at least 15 inches in length for 
attachment to the first and second vertical struts 20 and 
22 at each end and should preferably be at least 2 inches 
in width and preferably at least 1 inch in thickness to pro- 
vide support for the back of the subject 52. The lower 
back strut 24 may optionally include a strap, belt or other 



device for locking the subject 52 in place during the mea- 
surement. 

[0037] As illustrated in FIGS 1 and. 7, a first grip 26 is attached 
to the first vertical strut 20 using a first slider strut 30 on 
an exterior portion. A second grip 28 is attached to the 
second vertical strut 22 using a second slider strut 32 
along the exterior portion. The first and second grips 26 
and 28 are substantially perpendicular to the first and 
second vertical struts 20 and 22 and substantially parallel 
to the base 12. The slider struts 30 and 32 permit the first 
and second grips 26 and 28 to move vertically along the 
length of the first and second vertical struts 20 and 22. 
The first and second slider struts 30 and 32, are attached 
to the first and second vertical struts 20 and 22 with a 
linear bearing (not shown), however any method that al- 
lows the strut to slide up and down may be used including 
nut and bolt, screw attachment, slide lock and key, bands, 
pulleys, or levers. The first and second grips 26 and 28 
are preferably positioned at least 15 inches above the 
base 12. The distance between the first and second grips 
26 and 28 is between 18 inches and 36 inches, preferably 
between 20 inches and 32 inches and most preferably be- 
tween 21 inches and 30 inches. The first and second grips 



26 and 28 may be covered to cushion the subject's 52 
hands by neoprene, fabric, rubber, foam or other well- 
known materials to provide cushioning support. 
[0038] Alternatively, as illustrated in FIG. 6, the static pose fix- 
ture 10 has first and second upper arm supports 34 and 
36, in place of the first and second grips 26 and 28, 
thereby supporting the left and right arms of the subject 
52 during the measuring process. The first and second 
upper arm supports 34 and 36 are attached to the rear 
portion of first and second arm alignment struts 40 and 
42. The first and second upper arm supports 34 and 36 
are attached to each of the first and second vertical struts 
20 and 22 a distance of at least 40 inches from the base 
12. The first upper arm support 34 has a right end ex- 
tending laterally outward from the first vertical strut 20 
and the second upper arm support 36 has a left end ex- 
tending laterally outward from the second vertical strut 
22. At least one linear bearing 38 is located on the first 
and second upper arm supports 34 and 36 to allow the 
first and second upper arm supports 34 and 36 to move 
up and down along the length of the first and second ver- 
tical strut 20 and 22 to support a subject 52 of any size in 
the proper orientation. The linear bearing 38 should not 



allow the first and second upper arm supports 34 and 36 
to sag, as the measurements are dependent on the arms 
being in a parallel 90°angle with respect to the subject's 
52 body. 

[0039] The first arm alignment strut 40 is preferably substantially 
perpendicular to the first upper arm support 34 at a right 
end and the second arm alignment strut 42 is preferably 
substantially perpendicular to the second upper arm sup- 
port 36 at a left end. The first and second arm alignment 
struts 40 and 42 are in relation to each other along an 
elongated strut 44 which is attached to the rear portion of 
the first and second vertical struts 20 and 22 and also at- 
tached to the first and second arm alignment struts 40 
and 42 at a right end for the first arm alignment strut 40 
and a left end for the second arm alignment strut 42. The 
elongated strut 44 is preferably located at least 40 inches 
upward from the base 12 and is preferably at least 18 
inches in length. A head and upper back support 46 is at- 
tached to the elongated strut 44 at a mid-point. The head 
and upper back support 46 extends substantially perpen- 
dicularly away from the elongated strut 44 to an 
unattached end. The head and back support 46 is prefer- 
ably at least 12 inches in length and 3 inches in width to 



comfortably support the subject's back and head in a 
steady state position during the measuring process. 
[0040] The static pose fixture 10 preferably contains at least two 
sliders 48, located on any of the first and second vertical 
struts 20 and 22, first and second foot alignment struts 
16 and 18, or alternatively on any of the first and second 
upper arm supports 34 and 36, first and second arm 
alignment struts 40 and 42, and head and upper back 
support 46. 

[0041] As illustrated in FIG. 9, the slider 48, is preferably com- 
posed of aluminum, aluminum alloy, composite, steel, or 
other material. The slider 48 is preferably shaped in a 
rectangular or block formation, however it is not limited 
to this formation. The slider 48 contains at least one re- 
flective means 50 bonded to it. The reflective means 50 is 
preferably bonded to the slider 48 using epoxy, solder, or 
other well-known means. The slider 48 moves freely 
along the length of the strut along grooves 49 located in 
the strut length. The slider 48 is adjusted along the length 
of the strut using a nut and bold, hex and key or any 
other well-known means. One slider 48 is preferably 
aligned with a major joint segment of a subject's 52 body, 
while another slider 48 is aligned with a different joint 



segment of the subject's body thereby increasing the ac- 
curacy of determining the length between the subject's 52 
limbs by calculating the distance between two sliders 48. 
[0042] The static pose fixture 10 is preferably constructed of 
aluminum, aluminum alloy, steel, or other material pro- 
viding the requisite sturdiness to support the subject 52 
during the modeling process. Extruded aluminum is most 
preferable as it provides the optimum weight and durabil- 
ity required. 

[0043] As illustrated in FIG. 8, to optimize motion capture mod- 
eling using the static pose fixture 10, a subject 52 is 
placed in a marker interface suit. This step involves at- 
taching at least one body plate 58 to the subject 52 at 
various joint locations. The body plate is preferably at- 
tached to the subject 52 using clamps, elastic bands, 
straps, clasps, hook and loop closures or any other well- 
known means. A preferred method involves wrapping 
lengths of stretch fabric around each limb of the subject 
52. An exemplary stretch fabric for this purpose is Vel- 
stretch®. Subsequently, at least one body plate 58 is at- 
tached to the stretch fabric using epoxy, snaps, velcro, or 
any other suitable means of attachment. The body plate 
58 may also optionally be cushioned against the subject's 



52 limbs by attaching or placing rubber, foam, cloth, or 
any other material that provides cushioning effect to or 
between the body plate 58 and the subject's 52 limb. 
[0044] The body plate 58 is preferably composed of rubber, 
plastic, composite or ceramic, as shown in FIG. 8, the 
body plate 58 of the present invention is preferably com- 
posed of a composite material. The composite material 
reduces the mass of the body plate 58, while providing a 
stable base for mounting on the subject. Additionally, the 
composite material is preferably molded to provide a 
curved body plate 58 permitting better positioning of the 
body plate 58 on the subject's 52 limbs. It is preferable to 
use curved body plates 58 for this purpose, however the 
body plates 58 are not limited to a curved configuration. 
The body plate 58 preferably ranges from 0.50 inch to 3.0 
inches in width, 2.0 inches to 9.0 inches in length and 
0.10 inch to 1.0 inch in height. The body plate 58 also 
preferably contains at least three markers 60a-c, but may 
contain as many as 15-20 markers for measuring the lo- 
cation of the body plate 58 on the subject 52. These 
markers 60a-c are preferably retro-reflective, active IRED, 
or magnetic, but are not limited to these types. As illus- 
trated in FIG. 8, one marker 60 in a body plate 58 is se- 



lected to be the origin of a localized coordinate system. 
The 3D position of each marker 60 on the body plate 58 is 
measured, and the position and orientation of the body 
plate 58 is then reported with respect to a global origin. 
Additionally, at least one marker 60 is located on the base 
12 of the static pose fixture 10 to act as an origin point 
for the localized coordinate system in the event that one 
of the markers 60 on the body plate 58 is obscured. The 
body plate 58 is then connected to a strobe box (not 
shown), which controls the marker 60 illumination. The 
use of a curved body plate 58 in conjunction with at least 
three markers 60a-c on the body plate 58 alleviates the 
event of complete marker occlusion thus insuring that at 
least one body plate marker 60 will be visible. 
[0045] Once the body plate 58 has been attached to the subject 
52, the body plate 58 locations are then optimized on the 
subject 52. With a motion capture system active, the sub- 
ject 52 swings a golf club 62 and the data quality is eval- 
uated by examining a chart of missing data. If less than 
three body plate markers 60a-c on a body plate 58 are in 
view, the system will generate no data for the body plate 
58 at that instant. It is important that fast moving body 
plates 58 such as those on the arms are not occluded for 



more than 3 consecutive frames during the downswing or 
accuracy will be lost when the missing data is interpo- 
lated. If this occurs, body plates 58 that are occluded ex- 
cessively are preferably moved slightly, the subject 52 
then swings again, and the data quality is evaluated. This 
process is repeated until body plate 58 locations have 
been optimized. 

[0046] As illustrated in Figs. 4 and 5, once the body plate 58 lo- 
cations have been optimized, the subject 52 is then 
placed in the static pose fixture 10. The subject 52 is 
constrained to a static position and orientation for mea- 
surement of the geometry and marker location. 

[0047] j 0 j n t center measurements are preferably obtained while 
the subject 52 is in the static pose fixture 10 by using a 
digitizing probe 56 as illustrated in FIG. 10. By having the 
subject's 52 arms point down and the hands wrap around 
the first and second grips 26 and 28 near the subject's 52 
hips. A digitizing probe 56 is preferably used to measure 
the distance between various joint segment lengths in- 
cluding the subject's wrist joints, which are often difficult 
to measure. An exemplary digitizing probe is manufac- 
tured by Northern Digital, which measures the position of 
the probe tip with respect to a selected object. The probe 



56 is preferably used to mark at least four locations on a 
subject's 52 body thereby recording the position and ori- 
entation of various joint segments on the subject's 52 
body with respect to position, providing positional coordi- 
nates and angularity, which is preferably used to set a co- 
ordinate system with respect to the global origin. A com- 
puter program calculates the length and orientation of 
each body segment from the digitizing probe measure- 
ments, to build the computer model 64 of the subject 52. 
Additionally, for more precise measurements while the 
subject 52 is in the static pose fixture 10, the position and 
orientation of each of the rigid body plates 58 on the sub- 
ject 52 is preferably measured and recorded. 
[0048] Alternatively, joint center measurements are obtained 

when the arms are positioned shoulder height and the el- 
bows are bent at 90° degree angles away from the body. 
The linear bearing 38 on the first and second arm align- 
ment struts 40 and 42 are raised or lowered so that the 
arms rest horizontally. The linear bearing 38 on the first 
and second arm alignment struts 40 and 42 nearest the 
elbows of the subject 52 are then moved toward or away 
from the shoulders so that the elbows rest against the 
first and second arm alignment struts 40 and 42. A slider 



48 with at least one means 50 bonded to it is then placed 
on the first and second arm alignment struts 40 and 42 
corresponding to each major joint center on the subject's 
52 arms. A slider 48 is also placed on the first and second 
vertical struts 20 and 22, first and second foot alignment 
struts 16 and 18, first and second arm supports 34 and 
36 and head and upper back support 46. The slider 48 is 
adjusted to align with the appropriate joint center and 
locked in place. A motion capture system is then used to 
measure the 3D coordinates of the sliders 48, as well as 
the position and orientation of each of the rigid body 
plates 58 mounted to the subject 52. The distance be- 
tween two sliders 48, such as those aligned with the wrist 
and elbow is calculated and the result is the length of the 
corresponding limb, in this case, the forearm. The length 
of each limb is determined by the computer, which calcu- 
lates the distance between sliders 48. These lengths are 
then used to properly size segment lengths in the com- 
puter generated player model 64. The body plate 58 posi- 
tion and orientation data is used later to locate the motion 
agents on the swing model 64 and the measurements are 
later run into a computer program that calculates the 
length and orientation of each body segment, to build the 



computer model 64 of the subject 52. A model 64 is 
preferably built with limb lengths based on the slider 48 
measurements and limb orientations assumed to be either 
0°or 90°. Furthermore, using the rigid body plate 58 mea- 
surements obtained while in the static pose fixture 10, 
each of the limbs and limb angles will be in the correct 
position and orientation for the motion capture program. 
[0049] Once the measurements have been determined, swing 

motion is preferably captured using a motion capture sys- 
tem and any experiment involving measuring the swing 
motion of a player. If at any time the body plates 58 move 
on the subject's 52 body, the subject 52 can re-enter the 
static pose fixture 10 and a new frame of data is prefer- 
ably collected. The use of the static pose fixture 10 makes 
resetting the body plate 58 locations less time consuming 
and more accurate then was previously available by allow- 
ing the subject 52 merely to re-enter the static pose fix- 
ture 10, re-set in the known position and realign the body 
plates 58. Additionally, the slider 48, which has already 
been locked in place for the subject 52, is preferably used 
to re-align the subject 52 according to the pre-set slider 
48 positions. 

[0050] As illustrated in the graph of FIG. 11, during the capture 



of swing data, each swing is post-processed using com- 
puter programming software that fits plate position and 
orientation with a polynomial curve in order to fill in any 
gaps in data that is missing due to an occluded marker 
60. An exemplary computer programming software pack- 
age for data is MATLAB® software. 

[0051] Next, a player model 64 is built using the measurement 
data obtained while the subject 52 was constrained in the 
static pose fixture 10. Various computer software pack- 
ages are preferably used to build a player model 64; one 
exemplary program is the ADAMS FIGMOD® software 
package. To build a player model 64, the height, weight 
and age of the subject 52 is entered. The software uses 
this information to build a player model 64 with average 
mass properties based on an anthropomorphic database. 

[0052] Next a file with the limb length and orientation data and 
body plate 58 position and orientation data previously 
collected is imported. The software uses the limb length 
data to automatically size each of the model's 64 limbs. 

[0053] Next the computerized player model 64 is brought into 

the static pose fixture 10 posture. In this step, each of the 
model's 64 joint angles is adjusted to the same angles 
that were measured on the subject 52 while in the Static 



Pose Fixture 10. Each limb of the model 64 now occupies 
the same space in the model 64 coordinate system as it 
did in the measurement coordinate system. 

[0054] a s illustrated in FIGS. 12 and 13, motion agents are ap- 
plied to the model 64 while in the static pose posture. Il- 
lustrative spheres representing origins of each of the rigid 
body plates 58 are linked to each limb of the model 64 as 
measured using the static pose fixture 10. Later, minimiz- 
ing the distances and angles between the data points and 
the motion agents will control the model's 64 motion. 
With the model 64 correctly sized and oriented in previous 
steps, motion agents are simply loaded into space in the 
position and orientation measured while the player was in 
the static pose fixture 10. Each agent is then rigidly linked 
to its corresponding limb. 

[0055] The joint angles and limbs as defined by the body plate 
58 locations of the player model 64 are rotated to bring 
the player into a pose that is similar to a typical ball ad- 
dress position as illustrated in FIG. 14. This will make it 
easier for the software to bring the player into the mea- 
sured address position later. 

[0056] Previously collected swing data is then imported and the 
first frame of data with the player in the address position 



is loaded into the software program. 

[0057] Once the swing data is set, the computer program per- 
forms a static analysis to minimize the distance between 
the motion agents and the data points in the first frame of 
data. This brings the player model 64 into the measured 
address position. 

[0058] Additionally, position data points obtained using the digi- 
tal probe 56 are preferably loaded into the program. 
These points will show up in space in the same location as 
previously measured. Points on the axes of the model's 64 
joint segments are moved to the measured joint segment 
points and locked in those locations. In addition, difficult 
to measure wrist data is incorporated into the program 
through measurements obtained using the digital probe. 

[0059] a club 62 is preferably selected for the player model 64 
and a parametric model of the golf club 62 can be loaded 
and gripped by the player model 64. The selection of a 
particular club 62 allows the affects that various club 
properties have on a player's swing to be evaluated as well 
as the performance of various products for a particular 
swing. 

[0060] Once the club 62 has been selected and assigned to the 
player model 64, the swing model is actuated. The player 



model 64 is preferably shown as a computer-generated 
model 64 or in a more animated form as illustrated in FIG. 
15. The swing model allows the program to step through 
the swing data frame by frame and maintain the minimum 
distance between the data points and motion agents. Ef- 
fectively, this step causes the model 64 to reproduce the 
actual swing with a high degree of accuracy. 

[0061] Additionally, joint torque values are determined using in- 
verse dynamics, as performed in the ADAMS FIGMOD® 
program to calculates the torque produced by each joint 
throughout the swing based on the swing motion and 
mass and size properties of the player's limbs. Once the 
joint torque values are assigned, the model 64 applies the 
joint torque values to the player model 64 through time, 
rather than minimizing the distance between motion 
agents and data points. In this mode, club properties can 
be varied, and the affects of these variables on swing mo- 
tion can be studied. 

[0062] From the foregoing it is believed that those skilled in the 
pertinent art will recognize the meritorious advancement 
of this invention and will readily understand that while the 
present invention has been described in association with a 
preferred embodiment thereof, and other embodiments 



illustrated in the accompanying drawings, numerous 
changes, modifications and substitutions of equivalents is 
preferably made therein without departing from the spirit 
and scope of this invention which is intended to be unlim- 
ited by the foregoing except as may appear in the follow- 
ing appended claims. Therefore, the embodiments of the 
invention in which an exclusive property or privilege is 
claimed are defined in the following appended claims. 



